In order to establish the evolutionary relationships and resolve the polyphyletic nature of Dothideomycetes, we are studying their natural classification based on both morphology and multigene phylogeny. In this paper we introduce Vaginatispora appendiculata, a novel species on dead twigs from southern Thailand. Morphological character differences and analyses of combined LSU, TEF, SSU and ITS sequence datasets support the validity of the new species and its placement in Vaginatispora (Lophiostomataceae).
Introduction
We have been studying the diverse members of Dothideomycetes to provide a natural classification based on both morphology and phylogeny (Boonmee et al. 2011 , 2012 , Liu et al. 2011 , 2012 , Hyde et al. 2013 , Ariyawansa et al. 2014 , 2015a , 2015b , Chomnunti et al. 2014 , Phookamsak et al. 2014 , Thambugala et al. 2014 , Wanasinghe et al. 2014a , 2014b , Wijayawardene et al. 2014 , 2014b , 2016 . This paper reports on a saprobic pleosporalean species which was collected on dead twigs in southern Thailand and identified as a new species of Vaginatispora K.D. Hyde. Vaginatispora was introduced by Hyde (1995) in Massarinaceae Munk to accommodate Vaginatispora aquatica K.D. Hyde. The genus and species was characterized by 'depressed globose ascomata, immersed beneath a blackened neck, with a slot-like ostiole, numerous and filamentous pseudoparaphyses, cylindrical to clavate asci and narrowly ellipsoidal, hyaline, 2-celled ascospores with a mucilaginous collar around its equator and a spreading papilionaceous sheath' (Hyde 1995 , Zhang et al. 2014 . Vaginatispora was considered as a synonym of Massarina for a long time (Hyde et al. 1992 , Read et al. 1997 . Few studies have been conducted on the family placement of Vaginatispora and recently Thambugala et al. (2015) confirmed it as a separate genus in Lophiostomataceae Sacc. based on both morphological characteristics and phylogeny.
DNA extraction and PCR amplification
Fungal isolates were grown on potato-dextrose agar (PDA) for 3-4 weeks at 16 °C and total genomic DNA was extracted from 50 to 100 mg of axenic mycelium scraped from the edges of the growing culture (Wu et al. 2001) . Mycelium was ground to a fine powder with liquid nitrogen and DNA was extracted using the Biospin Fungus Genomic DNA Extraction Kit-BSC14S1 (BioFlux, P.R. China) following the instructions of the manufacturer.
DNA sequence data was obtained from the partial sequences of four genes, the internal transcribed spacers (5.8S, ITS), small subunit rDNA (18S, SSU), large subunit (28S, LSU) and translation elongation factor 1-alpha gene (TEF). Nuclear ITS was amplified using the primers ITS5 and ITS4 (White et al. 1990 ). LSU was amplified using the primers LROR and LR5 (Vilgalys & Hester 1990) . SSU was amplified using the primers NS1 and NS4 (White et al. 1990 ), TEF was amplified using primers EF1-983F and EF1-2218R (Rehner 2001) .
Polymerase chain reaction (PCR) was carried out following the protocol of Wanasinghe et al. (2014a) . PCR amplification was confirmed on 1 % agarose electrophoresis gels stained with ethidium bromide. The amplified PCR fragments were sent to a commercial sequencing provider (BGI, Ltd Shenzhen, P.R. China). The nucleotide sequence data acquired is deposited in GenBank (Table 1) .
Sequencing and sequence alignment
Other sequences used in the analyses (Table 1) were obtained from GenBank based on recently published data (Ariyawansa et al. 2015a , Thambugala et al. 2015 . The multiple alignments were automatically done by MAFFT v. 7.036 (http://mafft.cbrc.jp/alignment/server/index.html; Katoh & Standley 2013) using the default settings and latter refined where necessary, using BioEdit v. 7.0.5.2 (Hall 1999) .
Phylogenetic analysis
Parsimony analysis was carried with the heuristic search option in PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 2002) , with the following parameter settings, as described in Wanasinghe et al. (2014a) : characters unordered with equal weight, random taxon addition, branch swapping with tree bisection-reconnection (TBR) algorithm, branches collapsing if the maximum branch length was zero. Alignment gaps were treated as missing characters in the analysis of the combine data set, where they occurred in relatively conserved regions. Parsimony bootstrap analyses were performed using the full heuristic search option, random stepwise addition, and 1000 replicates, with maxtrees set at 1000. (Kishino & Hasegawa 1989) were performed to determine whether the trees inferred under different optimality criteria were meaningfully different. Maximum parsimony bootstrap values (MP) equal or greater than 60 % are given above each node in red (Fig 1) . Evolutionary models for phylogenetic analyses were selected independently for each locus using MrModeltest v. 3.7 (Posada & Crandall 1998) under the Akaike Information Criterion (AIC) implemented in both PAUP v. 4.0b10 and MrBayes v. 3. Phylogenetic reconstructions of combined gene trees were performed using both Bayesian Inference (BI) and Maximum Likelihood (ML) criteria.
Maximum-likelihood (ML) analysis was performed in RAxML (Stamatakis 2008 ) implemented in raxmlGUI v.0.9b2 (Silvestro & Michalak 2010) , employing mixed models of evolution settings of the program and Bootstrap support obtained by running 1000 pseudoreplicates. The online tool Findmodel was used to determine the best nucleotide substitution (http://www.hiv.lanl.gov/content/sequence/findmodel/findmodel.html) model for each partition. Maximum Likelihood bootstrap values (ML) equal or greater than 60 % are given above each node in black (Fig. 1) .
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A Bayesian analysis was conducted with MrBayes v. 3.1.2 (Huelsenbeck & Ronqvist 2001) to evaluate Posterior probabilities (PP) (Rannala & Yang 1996; Zhaxybayeva & Gogarten 2002) by Markov Chain Monte Carlo sampling (BMCMC). Two parallel runs were conducted, using the default settings, but with the following adjustments:
Six simultaneous Markov chains were run for 2,000,000 generations and trees were sampled every 100th generation and 20,000 trees were obtained. The first 4,000 trees, representing the burnin phase of the analyses and discarded. The remaining 16000 trees were used for calculating PP in the majority rule consensus tree (Cai et al. 2006 , 2008 . Branches with Bayesian posterior probabilities greater than 0.9 above each node in black (Fig. 1 
Results and Discussion

Phylogenetic analysis
The combined LSU, TEF, SSU and ITS gene dataset comprised 57 sequences from all genera in Lophiostomataceae whose sequences are available in GenBank, plus two strains from Floricolaceae (Floricola striata JK 5603K and JK 56781) and our new strain of V. appendiculata. Melanomma pulvis-pyrius (CBS 124080) is the outgroup taxon (Fig. 1) . Four different alignments corresponding to each individual gene and a combined alignment of the four genes were analyzed. A best scoring RAxML tree is shown in Fig. 1 , with the value of -15629.448302 (ln) and the following model parameters: alpha: 0.609592 and invar: Π(A): 0.249198, Π(C): 0.239722, Π(G): 0.266913 and Π(T): 0.244167. All trees (ML, MP and BYPP) were similar in topology and did not differ significantly (data not shown) at the generic relationships, which is in agreement with previous studies based on multi-gene analyses , Thambugala et al. 2015 .
This analysis comprised 3699 characters, of which 2905 were constant, 600 parsimonyinformative and 194 parsimony-uninformative. Four equally parsimonious trees were generated and the first was selected (Fig. 1 3 12.1 m, n 50) , uniseriate to partially overlapping 1-2-seriate, hyaline, ellipsoidal, 1-septate, constricted at the septum, with 1-3, distin t large guttules in ea h ells, smooth-walled, with distin t hyaline appendages (3-6 m long; x 4.8 m, n 40) at both ends, without a mucilaginous sheath. Asexual morph: Undetermined.
Culture characteristics -Colonies on PDA: slow reaching 3 cm diam. after 4 weeks at 25 °C, dirty white at the beginning and dark grey at maturity, convex on the surface, undulate, smooth margins; reverse buff.
Known distribution -Thailand, on dead twigs. Notes -Massarina armatispora was introduced by Hyde et al. (1992) in Massarina to accommodate an intertidal mangrove taxon from the coast of Southern China and India; which differed from other Massarina species at that time. Later, Liew et al. (2002) synonymised M. armatispora under Lophiostoma armatisporum based on both molecular (ITS) and morphological evidence. In this study M. armatispora grouped in Vaginatispora with high statistical support (100% ML, 100% MP and 1.00 BYPP, Fig. 1 ). This fungus is morphologically more similar to Parapaucispora pseudoarmatispora Hay. Takah., K. Hiray. & Kaz. Tanaka in its ascospores (Li et al. 2016 ). However, P. pseudoarmatispora groups separately from Vaginatispora in multi-gene phylogenetic analyses and has a close relationship with Lophiostoma alpigenum (Li et al. 2016) . 
Discussion
In our combined gene analyses of Lophiostomataceae (Fig. 1) , taxa from the genus Vaginatispora formed a distinct clade with high bootstrap (100% in ML and MP) and a high PP value (1.00 in Bayesian analysis). The type species Vaginatispora aquatica (MFLUCC 11-0083) V. Vaginatispora (Massarina) sp. (MFLUCC 11-0577) clustered together in a well-supported clade within the family Lophiostomataceae. Thus, we confirm their generic placement in Lophiostomataceae. Vaginatispora species are similar to Lophiostoma (L. macrostomum) and Lophiopoacea (L. winteri) in having a slot-like papillate ostiole, cylindro-clavate asci with a long pedicel, hyaline, 1-septate, euseptate ascospores. However, phylogenetically these taxa are not closely related with Vaginatispora strains (Fig. 1) .
Our collection of V. appendiculata, grouped in a well-supported clade (100% ML, 100% MP and 1.00 PP) with V. aquatica and V. armatispora. However, V. appendiculata is different from V. aquatica in having ascospores without a sheath but with terminal appendages (Fig. 2) , while V. aquatica has ascospores without appendages, but with a large mucilaginous sheath constricted in the central septum. Vaginatispora armatispora differs from V. appendiculata in having ascospores lacking guttules, while V. appendiculata has distinct large guttules in each cell, Vaginatispora armatispora differs from V. appendiculata in having ascospores lacking guttules, while V. appendiculata has distinct large guttules in each cell, ascospore measurements are also different with V. appendiculata larger (40-45 × 10-15 m) than those of V. armatispora (28-38 × 7-9.8 m). Read et al. (1997) have shown that the appendage in V. armatispora is quite complex: external to the bipartite mesosporium there is the episporium surround by a mucilaginous sheath which is extended apically to form 3-7 m tapering, curved polar appendage. An electron-dense fibrillar layer is located external to the sheath. This ultra-structural observation may become a mandatory additional criterion for a complete description of micro fungi, especially taxa with a sheath. The phylogenetic significance of the ultrastructural variation should be further investigated. Consequently we introduce a new species V. appendiculata to accommodate the fungus collected from dead twigs from southern Thailand. Most of the members of Vaginatispora were collected from submerged wood in freshwater and mangroves in marine environments. Our species was collected from a terrestrial habitat, but it was also a well moistened environment near to a waterfall. Thus, Vaginatispora is most likely to be a freshwater genus.
